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Examination of the relationship between variants in the gene region
encoding soluble epoxy hydrolase enzyme hydrolytic activity and type 2
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Abstract

Aim: Epoxyeicosanoids function as signal mediators in critical biological processes such as platelet aggregation, vasodilation, and anti-inflammation. With all
these properties, Epoxyeicosanoids have been associated with many diseases. Metabolism of epoxyeicosanoids is carried out by soluble epoxide hydrolase
enzymes, and as a result dihydroxyeicosatrienoic acids, which is a less active form than epoxyeicosanoids, are formed. In our study, SNP/mutation analysis was
performed in the gene region responsible for the hydrolase activity of EPHX2, which encodes the soluble epoxide hydrolase enzyme.

Material and Methods: The study consisted of two groups: a healthy group with 30 individuals and a T2DM patient group with 40 individuals. SNP/mutation
analysis in the gene region responsible for the hydrolase activity of EPHX2 in both groups was performed by Sanger sequencing using appropriate primers.
Result: A total of 12 mutations were detected in both groups as a result of Sanger sequencing. Two of the 12 detected mutations were missense mutations
(p-Asn359Thr and p.Ser412Arg). It was determined that the pathogenic scores of these mutations were close to 1 for Poly-Phen2 and 0-100 for SNAP. In
addition, two (c.1058+165C>T and c.1058+146G>A) SNPs were detected in the intron we observed in the T2DM group, which has not been detected and
defined before in our study.

Discussion: We believe that the mutations detected in our study, especially those that cause amino acid changes, may cause T2DM susceptibility in healthy
individuals and progression of the disease pathogenesis in the T2DM group. We think that the detection of c.1058+165C>T and c.1058+146G>A mutations
for the first time in our study will guide the next studies.
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Introduction
Eicosatrienoic acids (EETs), critical signaling molecules
in the organism, are derived from arachidonic acid [1, 2]
Produced through the Cytochrome P450 (CYP450) pathway,
EETs are defined as hyperpolarizing factors derived from the
endothelium. Mammals have four EET isomers with distinct
biological functions: 5,6-EET, 8,9-EET, 11,12-EET, and 14,15-
EET [2-4]. The conversion of EETs to their less active forms,
dihydroxyeicosatrienoic acids (DHETs), occurs through a two-
step reaction catalyzed by soluble epoxide hydrolases (sEH).
Eicosanoids have been identified as influential factors in
the development of inflammatory, renal, and cardiovascular
diseases. However, studies are scarce regarding the effects of
EETs, products of the CYP450 pathway, on the pathogenesis
of diabetes mellitus (DM)[5-7]. Considering both Type |
diabetes mellitus (T1DM) and Type Il diabetes mellitus (T2DM)
as diseases developed due to insufficient functional beta-
cell mass, we believe that detailed studies elucidating the
precise mechanisms of action of potential molecules like EETs,
effective in increasing beta-cell mass and/or improving beta-
cell function, could pave the way for new strategies in diabetes
treatment [5,8]. In this study, to gain a better understanding of
the EET metabolism in Type 2 diabetes mellitus (T2DM), the
comprehensive screening of de novo mutations and/or single
nucleotide polymorphisms (SNPs) in the alpha/beta hydrolase
domain responsible for the enzyme’s hydrolytic activity of the
EPHX2 gene was aimed through DNA sequence analysis. This
thorough examination sought to illuminate the relationship
between EPHX2 and T2DM by investigating mutations/SNPs.

Material and Methods

The Formation of Patient and Control Groups

The number of individuals in the groups for the planned
sequence analysis was determined using the OSSE (Online
Sample Size Estimator) program. The control group consisted
of 30 people, and the Type 2 Diabetes Mellitus (T2DM) group
(patients) consisted of 40 people.

DNA Isolation from Blood Samples

DNA isolation from samples of the patient and control groups
was conducted using the Blood DNA Isolation Kit with Catalog
number MG-KDNA-02 (Hibrigen, TR), following the protocol
recommended by the manufacturer.

Polymerase Chain Reaction (PCR) and Sanger DNA Sequencing
Analysis

The sequence information of the EPHX2 gene was amplified
by PCR for 30 cycles using the primers specified in Table 1.The
PCR mixture and PCR protocol used for amplification are
summarized in Table 1. A PCR cycling program was used for
PCR amplification.

Sanger DNA Sequencing and Identification of Potential
Mutations/SNPs

The DNA samples isolated from T2DM and control group were
subjected to Sanger’s enzymatic method for sequence analysis.
The results were visualized as electropherograms using
software, and the analysis was conducted with Chromas 2.6.5
Technelsium DNA Sequencing Software.

In-Silico Analysis of Detected Variants for Pathogenic Effects
and Evolutionary Analysis Across Species

To determine the potential pathogenicity of the identified

mutations, scores provided by the PolyPhen-2(http://genetics.
bwh.harvard.edu/pph2/),SNAP
services/SNAP/), and the Catalogue Of Somatic Mutations In
(COSMIC) (https://cancer.sanger.ac.uk/cosmic) (23-
25) databases, accessible online, were utilized. The likelihood
scores were used to determine whether each mutation was
benign or pathogenic.

Functional/Pathogenic Effect Analysis of Detected Mutations/
SNPs

Variants identified in the EPHX2 gene were assessed for their
potential pathogenicity and clinical features using scores
provided by the Polymorphism Phenotyping v2 (PolyPhen-2),
SIFT, and SNAP databases, both in vivo and in vitro. Additionally,
the Mutation Taster application, utilizing a Bayesian classifier
to predict the disease potential of a change, was employed.
For demonstrating the extent to which potential variants/
mutations would affect the three-dimensional configuration
of the protein, the SWISS-MODEL, an integrated web-based
service dedicated to protein structure homology modeling, was
used. STRING database, assessing protein-protein interaction
information, was employed for protein-protein interaction
analysis by generating different structural homology models
for wild type and mutant. This allowed the evaluation of direct
(physical) and indirect (functional) relationships among proteins
in the pathway where the EPHX2 protein is present.

Statistical Analysis

In our study, statistical analysis was conducted by loading
the data into the SPSS 14.0 program. Normality analysis was
performed using the Kolmogorov-Smirnov Test. Data showing
conformity to normal distribution were analyzed using one-way
ANOVA, while data not conforming to normal distribution were
analyzed using the Mann-Whitney U test.

Ethical Approval

This study was approved by the Ethics Committee of Nigde
Omer Halisdemir University Non-Interventional (Date: 2022-
12-22, No: 2022/116).

(https://www.rostlab.org/

Cancer

Results

Patient Information

The study groups were composed of individuals with similar age
and gender characteristics who applied to the Department of
Endocrinology and Metabolic Diseases at T.C.S.B. Nigde Omer
Halisdemir University Training and Research Hospital. As shown
in Table 2, the control group included a total of 30 individuals,
with 13 females and 17 males. The patient group included a
total of 40 individuals, with 17 females and 23 males. There
was no statistically significant difference in gender between
the groups (p > 0.05). The mean age of the control group was
determined to be 49.3 + 1.2, and the mean age of the T2DM
group was 61 = 1.3. It was observed that the age of the T2DM
patient group was higher compared to the control group, and
this difference was statistically significant (p < 0.05). The
average HbA1cwas 5.6 + 0.5 in the control group and 10.7 + 2.8
in the T2DM group. The elevated HbA1c in the T2DM group was
found to be statistically significant. The fasting serum glucose
(FSQ) levels for the control and T2DM groups were 82.93 + 2
and 158.7 + 12.6, respectively. It was observed that the FSG
level in the T2DM group was higher than the control group, and
this difference was statistically significant (p < 0.05)( Table 2).
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Table 1. EPHX2 Gene primers, PCR mixture and PCR protocol used in PCR Protocol

Primer List

Gene Forward Primer (5’-3’) Reverse Primer (5’-3’)
EPHX2-1 GGTAAGAGACATGCTTGGGA ACCCTTCACTCATACCCAAC
EPHX2-2 ATGTTCCCACTCTGAGCTTC GTTTCACCTGAGCCCATTTG
EPHX2-3 CTTGAAGGGTGGGCATTTG AGGCCCTCTTTATAATGTGTCA
EPHX2-4 TGATGAAACTTGGGCTGGAT AAAAGGAGGCCAGATTGCTA
EPHX2-5 CCGGTGGTCTCAAAGATGTA TAAGGCATCCCAATCTCTGC

PCR mixture PCR protocol

Time

Chemical Substances Volume
10X PCR buffer (Fermentas) 2,5l
4X10 pmol (dNTP-Fermentas) 4 pl
25 mM MgCI2 (Fermentas) 2pl
Forward Primer (20-25 pmol) Tml
Reverse Primer (20-25 pmol) Tml
5unit/pl Tag DNA polymerize (Sigma) 0,3 pl
PCR-H20 (Sigma) 13,2l
DNA (Genomic+mtDNA) 1pl
Total 25pl

Table 2. Demographic information for the control and T2DM

groups

Control Group (n=30)  T2DM Group (n=40) val’; "
Gender, F/M 13/17 17/23 0.94
Age, year (x+S) 49.3+1.2 61+1.3 0.024 *
HbA1c, %(x+S) 5.6+0.5 10.7+2.8 0.001 *
FSG mg/dL (x£S) 82.93+2 158.7+12.6 0.001 *

P <0.05
FSG: Fasting serum glucose
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Figure 1. T2DM group EPHX2, results of Sanger
sequencing, and detected variants
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Figure 2. Control group EPHX2, results of Sanger DNA
sequencing, and detected variants
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Figure 3. A) Prediction of possible functional effects of detected
missense mutations using PolyPhen2 and determination of their
impact on evolutionarily conserved amino acids (representative
missense mutations are shown)

B) Prediction of possible functional effects of detected EPHX2
missense mutations using SNAP2

Results of Sanger DNA Sequencing Analysis

The obtained PCR amplicons were submitted to the relevant
service provider for Sanger DNA sequencing analysis. The
capillary system automatic sequencing instrument ABI-3100
Applied Biosystem was utilized for DNA sequencing, and the
results were visualized as electropherograms using software
programs. The obtained data were analyzed using Chromas 2.6.5
Technelsiyum DNA Sequencing Software. Sequence analysis
images for the T2DM and Control groups are respectively
presented in Figures 1 and 2.

EPHX2 Analysis

Our study group was formed based on the criteria of the
International Diabetes Federation, HbAlc, and fasting blood
glucose values, consisting of a control group (n=30) and a T2DM
group (n=40). A total of 12 mutations were detected in both
groups (Table 3). The characteristic features of the identified
mutations are presented in Table 3. Four mutations were
observed in the control group, and two missense mutations
were identified in the T2DM group. One exon variant was found
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Table 3. Characteristic Features of EPHX2 Gene Mutations in the Study Group

Clinical Effect
The Study Group

where the Variation
was Detected

AA

Nt Variant L.
Position

Rs Number Variant Type Localization Mutation

Assessor
(Score)

Poly-
Phen2
(score)

SNAP
(score)

noncoding transcript

V-1 EPHX2 €.1276+314T>C rs729609 N Exonic 14 NA Diabetes/Control NA NA NA
exon variant
V-2 EPHX2  C1276+338T>A 15729610 pencodnE|Uanscby Exonic 14 NA Diabetes NA NA NA
exon variant
V-3 EPHX2 ¢.1058+138A>C rs117644756 SNP/Intron Variant Intronic NA Diabetes/Control NA NA NA
V-4 EPHX2  c.1058+165C>T Novel SNP/Intron Variant Intronic NA Diabetes NA NA NA
V-5 EPHX2 c.1058+146G>A Novel SNP/Intron Variant Intronic NA Diabetes NA NA NA
V-6 EPHX2 €.1242+94T>G rs978293989 SNP/Intron Variant Intronic NA Diabetes NA NA NA
V-7 EPHX2 €.1242+96G>A rs1447411793 SNP/Intron Variant Intronic NA Diabetes/Control NA NA NA
Exonic 13 Probably Neutral
V-8 EPHX2 c.1236C>G rs13439459 Missense variant Abhydrolase_1: alpha/ p.Ser412Arg Diabetes/Control Damaging 55
beta hydrolase Domain 0,95
V-9 EPHX2 c1170+139G>A rs1390910207 Missense variant Intronic NA Diabetes NA NA NA
V-10 EPHX2  c.1170+138G>T rs944049445 SNP/Intron Variant Intronic NA Control NA NA NA
Exon 12 Probably Neutral
V-11 EPHX2 c.1076A>C rs764879647 Missense variant Abhydrolase_1: alpha/ p.Asn359Thr Control Damaging 7
beta hydrolase Domain 0,99
V-12  EPHX2 c.1242+36G>A rs749227562 SNP/Intron Variant Intronic NA Control NA NA NA

in both groups, with 3 in the T2DM group and 14 in the control
group in intron variants. When analyzed for all mutations, the
control group exhibited a statistically significant higher number
of mutations compared to the T2DM group.

Results of In-Silico Analysis of Detected Variant Pathogenic
Effects and Evolutionary Analysis Across Species

Figure 3. As depicted in A and B, the analysis results from Poly-
Phen2 and SNAP Database Programs indicate that 2 missense
mutations (EPHX2; p.Asn359Thr, p.Ser412Arg) among the 12
mutations identified in our study have pathogenic scores close
to 1 for Poly-Phen2 and within the range of 0-100 for SNAP.
Variants with an “affected” feature are predicted to possess
pathogenic characteristics and may contribute to susceptibility
to the disease. Additionally, the missense mutations identified
were analyzed for amino acid sequence conservation across
different species using the “Multiple sequence alignment” option
within the Poly-Phen2 program. This analysis revealed that the
two identified missense mutations altered crucial amino acids
that have been conserved throughout evolutionary processes
across different species. The location of these mutations,
Ser412Arg and Asn359Thr, in the a/B hydrolase domain.

Discussion

In light of the data obtained in our study, our first noteworthy
result is the identification of two mutations in the gene sequence
responsible for the hydrolase activity of the sEH enzyme
encoded by the EPHX2 gene, leading to amino acid changes.
Our second finding, which we believe will capture the attention
of researchers, is the discovery of two novel mutations in the
EPHX2 gene, not previously identified in this study.

The relationship between EET metabolism and diabetes has
been predominantly explored in studies focusing on sEH enzyme
inhibition. In this study, the gene region responsible for the
hydrolase activity of the EPHX2 gene encoding the sEH enzyme
was comprehensively screened. A total of 12 mutations were
identified in both groups, with 4 occurring in exons and 8 in
introns. In our study, two mutations causing amino acid changes
in the exon of the domain were identified in both the T2DM

and control groups. Previous studies revealed no Ser412Arg
(rs13439459) mutation detected in both control and T2DM
patient groups. This SNP in exon 13 resulted in the conversion
of serine amino acid at position 412 to arginine. Additionally,
an Asn359Thr (rs764879647) mutation causing amino acid
change, not previously identified, was detected in the control
group in our study [9]. In animal models, a missense mutation
(RS751141G>A) in the 8th exon of the EPHX2 gene has been
identified, leading to a substitution of arginine at position 287
with glycine. This alteration has been demonstrated to result in
a significant decrease of approximately 25-58% in in vitro sEH
activity compared to the wild-type sEH enzyme [10,11]. This
finding is consistent with the proposed impact of decreased
sEH activity on EET levels and bioavailability [12]. When
examining the possible functional effects of the identified
Ser412Arg and Asn359Thr mutations using PolyPhen2, both
mutations causing amino acid changes were observed to have a
score close to 1, indicating potential deleterious effects. These
mutations are located in the C-terminal hydrolase domain of
the gene, which encompasses amino acids 235-555, forming a
classical a/B hydrolase fold. Consequently, we hypothesize that
these mutations may alter the enzyme’s substrate efficiency
or hydrolysis mechanism, either enhancing or reducing the
enzyme’s activity. Considering that the primary function of sEH
enzyme is thought to convert endogenous epoxides (EETs) into
biologically inactive DHETSs, these mutations are likely to impact
EET levels, contributing to the pathogenesis of various diseases
in the organism. In our study, we identified a Ser412Arg
mutation in both the T2DM and control groups. This mutation
leads to the conversion of serine to arginine at position 412 of
the enzyme. Additionally, a novel mutation, Asn359Thr, causing
an amino acid change, was detected in the control group,
which has not been previously reported. As these mutations
have not been observed before, their specific impact on the
enzyme is currently unknown. To comprehensively understand
their effects, it would be appropriate to first investigate the
activities of wild-type sEH and mutant sEH enzymes in vitro.
Furthermore, we identified two intronic SNPs (c.1058+165C>T
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and c.1058+146G>A) in the T2DM group, which have not been
reported previously. Due to the lack of prior detection, the effects
of these SNPs on the enzyme remain uncertain. Comparisons
with other studies indicate that the EPHX2 gene region has
13 SNPs in the protein-coding region, with only six (K55R,
Cys154Tyr, Arg287Gin, Glu470Gly, Arg103Cys, and Val422Ala)
causing amino acid changes. Among these, Arg287Gin,
Val422Ala, and Glu470Gly are located in the hydrolase domain
of the enzyme [13,14]. Notably, the Arg287GIn variant has been
associated with various diseases and demonstrated protective
effects. Given the occurrence of Ser412Arg and Asn359Thr
mutations hydrolase domain,
Arg287CIn also resides, it is essential to thoroughly investigate
the impact of these mutations on enzyme activity and explore
their functional significance through more extensive studies.
Moreover, we compared the effects of these variations with a
known polymorphism, K55R (9780A>G; Lys55Arg; rs41507953),
located in the phosphatase domain. Similar to mutations in the
hydrolase domain, the K55R polymorphism has been reported
to cause changes in sEH activity. Additionally, the K55R variant,
along with Arg287GIn (R287Q) polymorphism and Arg402-403
insertion, has been linked to altered enzyme activity, with K55R
causing an increase in sEH activity, while Arg287GIn (R287Q)
and Arg402-403 insertion resulted in decreased enzyme
activity. Various polymorphisms in the EPHX2 gene, including
K55R, Arg103Cys, Cys154Tyr, and Arg287GIn variants, have
been shown to exhibit lower phosphatase activity [15] and, in
the case of K55R and Cys154Tyr variants, higher hydrolase
activity [10]. When examining the possible functional effects
of the identified Ser412Arg and Asn359Thr mutations using
PolyPhen2, both mutations causing amino acid changes were
observed to have a score close to 1, indicating potential
deleterious effects. These mutations are in the
C-terminal hydrolase domain of the gene, which encompasses
amino acids 235-555, forming a classical a/p hydrolase fold.
Consequently, we hypothesize that these mutations may alter
the enzyme’s substrate efficiency or hydrolysis mechanism,
either enhancing or reducing the enzyme’s activity. Considering
that the primary function of sEH enzyme is thought to convert
endogenous epoxides (EETs) into biologically inactive DHETS,
these mutations are likely to impact EET levels, contributing to
the pathogenesis of various diseases in the organism.

In our study, we identified a Ser412Arg mutation in both the
T2DM and control groups. This mutation leads to the conversion
of serine to arginine at position 412 of the enzyme. Additionally,
a novel mutation, Asn359Thr, causing an amino acid change,
was detected in the control group, which has not been previously
reported. As these mutations have not been observed before,
their specific impact on the enzyme is currently unknown.
To comprehensively understand their effects, it would be
appropriate to first investigate the activities of wild-type sEH
and mutant sEH enzymes in vitro. Furthermore, we identified
two intronic SNPs (c.1058+165C>T and c.1058+146G>A) in
the T2DM group, which have not been reported previously.
Due to the lack of prior detection, the effects of these SNPs
on the enzyme remain uncertain. Comparisons with other
studies indicate that the EPHX2 gene region has 13 SNPs in
the protein-coding region, with only six (K55R, Cys154Tyr,

in the C-terminal where

located

Arg287GIn, Glu470Gly, Arg103Cys, and Val422Ala) causing
amino acid changes. Among these, Arg287GIn, Val422Ala,
and Glu470Cly are located in the hydrolase domain of the
enzyme. Notably, the Arg287CIn variant has been associated
with various diseases and demonstrated protective effects.
Moreover, we compared the effects of these variations with a
known polymorphism, K55R (9780A>G; Lys55Arg; rs41507953),
located in the phosphatase domain. Similar to mutations in the
hydrolase domain, the K55R polymorphism has been reported
to cause changes in sEH activity.

Conclusion

In our study, significant mutations/SNPs were identified in
the sEH enzyme responsible for the metabolism of important
metabolites of the CYP450 pathway, namely EETs. The detailed
investigation of the role of these mutations and SNPs in the
development of diabetes is evidently warranted. However, the
limitation of our study lies in the relatively small population
size of both the patient and control groups. Based on the
data obtained from this study, future research plans involve
conducting a comprehensive mutation/SNP screening in a
larger patient population with a high incidence, allowing for
an extensive exploration of its impact on enzyme activity.
Consequently, the role of the sEH enzyme in diabetes can be
thoroughly examined at both the genetic and biochemical levels.
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